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(57) ABSTRACT

Disclosed are a metal separator for fuel cells, which exhibits
excellent properties 1n terms of corrosion resistance, electri-
cal conductivity and durabaility, and a method of manufactur-
ing the same. The metal separator for fuel cells includes a
separator-shaped metal matrix and a coating layer formed on
the metal matrix. The coating layer has a concentration gra-
dient of a carbon element C and a metal element Me accord-
ing to a thickness thereof such that the carbon element C
becomes gradually concentrated in the coating layer with
increasing distance irom the metal matrix, and the metal
clement Me becomes gradually concentrated in the coating
layer with decreasing distance from the metal matrix.

11 Claims, 3 Drawing Sheets
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FIG. 3
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METAL SEPARATOR FOR FUEL CELL AND
METHOD OF MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This applications claims priority to South Korea Priority
Application 10-2010-0025430, filed Mar. 22, 2010 including,
the specification, drawings, claims and abstract, 1s 1ncorpo-
rated herein by reference 1n 1ts entirety.

BACKGROUND

1. Technical Field

Embodiments of the invention relate to a metal separator
tor fuel cells and, more particularly, to a metal separator for
tuel cells and a method of manufacturing the same, 1n which
a metal element and a carbon element are coated on a sepa-
rator-shaped metal matrix such that a gradient i1s formed
whereby the carbon element 1s concentrated on the surface of
the metal matrix, or 1n which a buifer layer 1s formed using,
metal on the separator-shaped metal matrix and an amor-
phous carbon layer 1s coated on the bulfer layer, thereby
enhancing properties of the metal separator such as corrosion
resistance, electrical conductivity, durability, and the like.

2. Description of the Related Art

A fuel cell 1s an electrochemical cell that converts chemical
energy produced by oxidation of fuel into electrical energy.
Recently, various investigations have focused on develop-
ment of fuel cells, solar cells, and the like 1n order to over-
come problems such as consumption of fossil fuels, the
greenhouse effect and global warming caused by carbon
dioxide, and the like.

Fuel cells generally convert chemical energy into electrical
energy through oxidation and reduction of hydrogen and
oxygen. In the tuel cell, hydrogen 1s oxidized 1nto hydrogen
ions and electrons at an anode, and the hydrogen 10ons diffuse
to a cathode through an electrolyte. The electrons travel to the
cathode through a circuit. At the cathode, water 1s produced
through reduction of the hydrogen 1ons, electrons, and oxy-
gen.

In general, since a unit cell of a fuel cell generates too low
a voltage to be used alone 1n practice, the fuel cell has several
to several hundred unit cells stacked therein. When stacking
the unit cells, a bipolar plate or separator 1s used to facilitate
clectrical connection between unit cells and to separate reac-
tion gases.

The separator for fuel cells may be classified into a graphite
separator, a metal separator, and the like according to the
material of which the separator 1s made.

The graphite separator has been widely employed for a
conventional separator for fuel cells. The graphite separator 1s
manufactured by milling graphite according to the shape of a
flow passage. In this case, the graphite separators 1n the stack
represent 50% of the total manufacturing costs and 80% of the
total weight of the stack. Accordingly, the graphite separator
has problems of high manufacturing costs and large volume.

To solve such problems of the graphite separator, metal
separators have been developed. Metal separators have many
advantages, such as easy processibility, overall reduction 1n
volume and weight of a fuel cell stack through thickness
reduction of the separator, mass productivity, and the like.

In this case, however, the metallic matenal of the separator
inevitably undergoes corrosion during use of the fuel cell,
causing contamination of a membrane electrode assembly
and performance deterioration of the fuel cell stack, and a
thick oxide film can grow on the surface of the metal separator
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2

alter extended use of the fuel cell, causing an increase 1n
internal resistance of the fuel cell.

Therefore, there 1s a need for a metal separator for fuel
cells, which has high corrosion resistance and electrical con-
ductivity to improve performance of the metal separator by
suppressing corrosion of the metal and the increase 1n internal
resistance of the fuel cell.

BRIEF SUMMARY

One aspect of the present mvention 1s to provide a metal
separator for fuel cells, which may guarantee high corrosion
resistance and electrical conductivity even with a thin coating
layer through an amorphous carbon coating or a metal doped
carbon coating.

Another aspect of the present mvention 1s to provide a
method of manufacturing a metal separator for fuel cells, 1n
which a metal element and a carbon element are coated on a
separator by adjusting the coating thickness or by sequen-
tially coating the metal element and the carbon element such
that the carbon element 1s coated on the outermost layer of the
separator, thereby guaranteeing high corrosion resistance and
clectrical conductivity.

In accordance with one embodiment of the invention, a
metal separator for fuel cells includes: a separator-shaped
metal matrix and a coating layer formed on the metal matrix.
Here, the coating layer has a concentration gradient of a
carbon element C and a metal element Me according to a
thickness thereof such that the concentration of the carbon
clement C gradually increases in the coating layer with
increasing distance from the metal matrix and the concentra-
tion of the metal element Me gradually increases in the coat-
ing layer with decreasing distance from the metal matrix.

In accordance with another embodiment of the invention, a
metal separator for fuel cells includes a separator-shaped
metal matrix and a coating layer formed on the metal matrix.
Here, the coating layer includes a metal layer composed of a
metal element Me on the metal matrix and a carbon layer
composed of a carbon element C on the metal layer.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other aspects, features and advantages of the
present mvention will become apparent from the detailed
description of the following embodiments in conjunction
with the accompanying drawings:

FIG. 11s a schematic sectional view of a metal separator for
tuel cells according to one embodiment of the present inven-
tion;

FIG. 21s a schematic sectional view of a metal separator for
fuel cells according to another embodiment of the present
imnvention;

FIG. 3 1s a flowchart of a method of manufacturing a metal
separator for fuel cells according to one embodiment of the
present invention;

FI1G. 4 1s a flowchart of a method of manufacturing a metal
separator for fuel cells according to another embodiment of
the present invention; and

FIG. 5 15 a sectional view of a contact resistance tester for
measuring contact resistance of a metal separator according
to one embodiment of the present invention.

DETAILED DESCRIPTION

Exemplary embodiments of the mmvention will now be
described 1n detail with reference to the accompanying draw-
ngs.
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It should be understood that the present mvention 1s not
limited to the following embodiments and may be embodied
in different ways, and that the embodiments are given to
provide complete disclosure of the invention and to provide
thorough understanding of the invention to those skilled in the
art. The scope of the mvention 1s limited only by the accom-
panying claims and equivalents thereof. Herein, descriptions
of details apparent to those skilled 1n the art will be omatted
for clarty.

FI1G. 1 1s a schematic sectional view of a metal separator for
tuel cells according to one embodiment of the present mven-
tion.

Referring to FIG. 1, the metal separator according to this
embodiment includes a separator-shaped metal matrix 110
and a coating layer 120.

For the metal matrix 110, any material may be used so long,
as the material can be used for a typical metal separator for
tuel cells. For example, the metal matrix 110 may comprise
stainless steel, aluminum, titanium, nickel, or alloys thereof.
Particularly, stainless steel, which 1s lightweight and exhibits
excellent corrosion resistance, may be advantageously used
for the metal matrix. In this embodiment, the metal matrix
may be formed to have a separator shape.

On the other hand, since these materials for the metal
matrix 110 do not demonstrate satisfactory corrosion resis-
tance and electrical conductivity under high temperature and
high moisture conditions, the coating layer 120 1s formed on
the surface of the metal matrix 110 to provide satisfactory
corrosion resistance and electrical conductivity.

Here, the coating layer 120 1s composed of a metal element
(Me) 121 and a carbon element (C) 122.

The metal element (Me) 121 may be at least one selected
from zircontum (Zr), copper (Cu), gold (Au), silver (Ag),
molybdenum (Mo), tungsten (W), chromium (Cr), titanium
(T1), scandium (Sc), vanadium (V), manganese (Mn), iron
(Fe), cobalt (Co), nickel (N1), aluminum (Al), and the like,
which exhibit excellent electrical conductivity.

The carbon element (C) 122 may be amorphous carbon
such as diamond like carbon (DLC), which exhibits excellent
corrosion resistance, durability and electrical conductivity.
Carbon may be diamond carbon, amorphous carbon, graphite
carbon, and the like. The diamond carbon has very low elec-
trical conductivity and the graphite carbon has negative film
density. Accordingly, in this embodiment, the amorphous
carbon having intermediate properties between diamond and
graphite 1s used as the carbon element 122 1n consideration of
durability and conductivity of the metal separator. Obviously,
insuificient electrical conductivity of the amorphous carbon
may be compensated for using metal or the like.

The metal element 121 serves to enhance adhesion of the
coating layer to the metal matrix 110 while relieving stress
applied to the metal matrix 110 and compensating for elec-
trical conductivity. The carbon element 122 serves to enhance
corrosion resistance of the separator. In this viewpoint, 1t 1s
desirable that the metal element 121 be concentrated near the
metal matrix 110 and the carbon element 122 be concentrated
near the surface of the separator.

Accordingly, in the embodiment shown of FIG. 1, the
coating layer 1s formed to have a concentration gradient of the
carbon element C and the metal element Me. In more detail,
the concentration of the carbon element C gradually increases
with increasing distance from the metal matrix 110 1n the
coating, thereby forming a C-enriched or C-rich region, and
the concentration of the metal element Me gradually
increases with decreasing distance from the metal matrix 110
in the coating, thereby forming a Me-enriched or Me-rich
region. At this time, the concentration gradient of the carbon
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4

clement C and the metal element Me according to the thick-
ness of the coating layer 1s not necessarily linear, so long as
the carbon element C and the metal element Me are distrib-
uted to have such a concentration gradient 1n the thickness
direction ofthe coating layer 120, that 1s, the gradient wherein
the carbon element C 1s concentrated near the surface of the
coating layer 120 and the metal element Me 1s concentrated
near the metal matrix 110.

Here, the C-enriched region, that 1s, the region 1n the coat-
ing layer 120 where the content of the carbon element 122 1s
greater than that of the metal element 121, may have a thick-
ness 01 0.01~5.0 um. If the thickness of the C-enriched region
1s less than 0.01 wm, 1t 1s difficult to obtain enhancement of
corrosion resistance of the separator. If the thickness of the
C-enriched region exceeds 5.0 um, the manufacturing costs of
the metal separator can increase.

Further, the Me-enriched region, that 1s, the region 1n the
coating layer 120 where the content of the metal element 121
1s greater than that of the carbon element 122, may have a
thickness 01 0.01~5.0 um. If the thickness of the Me-enriched
region 1s less than 0.01 um, adhesion of the carbon element
122 concentrated on the surface of the coating layer can be
deteriorated. If the thickness of the Me-enriched region
exceeds 5.0 um, adhesion can be deteriorated and the manu-
facturing costs of the metal separator can increase due to low
productivity.

FIG. 21s a schematic sectional view of a metal separator for
fuel cells according to another embodiment of the present
invention.

Referring to FIG. 2, the metal separator according to this
embodiment includes a separator-shaped metal matrix 210, a
metal layer 220, and a carbon layer 230.

In the embodiment shown 1n FIG. 1, the metal separator
include a single coating layer composed of the metal element
Me and the carbon element C in a certain concentration gra-
dient. In this embodiment shown in FIG. 2, however, substan-
tially distinctive two coating layers are formed on the sepa-
rator-shaped metal matrix 210.

The two coating layers formed on the metal matrix 210
include a metal layer 220 and a carbon layer 230.

The metal layer 220 1s first formed on the metal matrix 210
to enhance adhesion of the carbon layer 230 while distribut-
ing stress on the metal matrix 210 during formation of the
carbon layer 230. The metal layer 220 may be formed of, for
example, zirconium (Zr), copper (Cu), gold (Au), silver (Ag),
molybdenum (Mo), tungsten (W), chromium (Cr), titantum
(T1), scandium (Sc), vanadium (V), manganese (Mn), iron
(Fe), cobalt (Co), nickel (N1), and aluminum (Al), which
exhibit excellent electrical conductivity.

The carbon layer 230 composed of carbon 1s deposited on
the metal layer 220 to enhance corrosion resistance, electrical
conductivity, and the like of the separator. Here, the carbon
layer 230 may be an amorphous carbon layer or a metal-
doped carbon layer. If the carbon layer 230 1s a metal-doped
carbon layer, the metal doped 1n the carbon layer may be at
least one selected from, for example, zirconium (Zr), copper
(Cu), gold (Au), silver (Ag), molybdenum (Mo), tungsten
(W), chromium (Cr), titanium (11), scandium (Sc), vanadium
(V), manganese (Mn), 1rron (Fe), cobalt (Co), nickel (N1), and
aluminum (Al), as 1n the metal layer 220.

The metal layer 220 may have a thickness of 0.01~35.0 um
and the carbon layer 230 may have a thickness of 0.01~3.0
um. As described above, if the thickness of the metal layer 220
1s less than 0.01 um, adhesion of the carbon layer 230 can be
deteriorated, and 11 the thickness of the carbon layer 230 1s
less than 0.01 um, enhancement in corrosion resistance, elec-

trical conductivity, and durability of the separator can be
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insuificient. Further, 11 the thicknesses of the metal layer 220
and the carbon layer 230 are not within these ranges, the
separator does not have further enhanced effect and thus
requires increased amounts of carbon and metal elements to
compensate for the isuilicient effect, thereby increasing
manufacturing costs of the separator.

FI1G. 3 15 a flowchart of a method of manufacturing a metal
separator for fuel cells according to one embodiment of the
invention, through which the metal separator for fuel cells as
shown 1n FIG. 1 1s manufactured.

Referring to FIG. 3, the method of manufacturing the metal
separator according to this embodiment includes cleaning a
surface of a metal matrix in S302, dry etching the surface of
the metal matrix 1n S304, and forming a coating layer in S310.

In operation S302 of cleaning the surface of the metal
matrix, organic or inorganic materials are cleaned from the
surface of the metal matrix for 5 to 10 minutes by at least one
of chemical cleaning, commercial degreasing, and dry etch-
ing using, for example, acetone, ethanol, or any commercial
degreasing agent.

In operation S304 of dry etching, an oxide layer or impu-
rities are removed from the surface of the metal matrix before
tforming the coating layer in S310. Dry etching 1s performed
to activate the surface of the metal matrix by 1on-gun etching,
or sputtering etching using argon gas or the like.

For the dry etching operation, 1on-gun etching may be
performed using an 10n gun by supplying argon at a flow rate
ol about 40~60 sccm 1nto a reactor and applying a voltage of
800~1500V and a current of 0.15~0.25 A to the 1on gun.

Here, 11 the voltage applied to the 10n gun 1s less than 800V
with a current of 0.2 A applied thereto, effects of ion-gun
ctching can be deteriorated. Thus, the voltage applied to the
ion gun 1s preferably greater than or equal to 800V, Ion-gun
ctching may be performed for about 10~30 minutes, but this
duration can be changed according to the thickness of the
oxide layer on the metal matrix, the etching rate, and the like.

Ion-gun etching removes chemical layers at a higher rate
than grinding, can eliminate an unnecessary process causing,
an increase 1n temperature of the matrix surface and oxidation
atmosphere during the process, and can mimimize difference
of 1llumination, which can deteriorate adhesion during coat-
ng.

Although the operation of cleaning the surface of the metal
matrix 1n S302 and the operation of dry etching in S304 are
not necessary, these operations are preferably performed to
enhance adhesion of the coating layer formed on the metal
matrix.

In operation S310 of forming the coating layer, a metal
clement and a carbon element are coated on the metal matrix
to form the coating layer on the metal matrix. The coating,
layer may be formed by various processes, such as physical
vapor deposition (PVD), chemical vapor deposition (CVD),
and atomic layer deposition. For example, 1n the PVD pro-
cess, the carbon element and the metal element may be depos-
ited on the metal matrix using a carbon element target, a metal
clement target, and argon gas.

At this time, 1 operation S310 of forming the coating
layer, the coating layer 1s formed on the separator-shaped
metal matrix to have a concentration gradient of the carbon
clement C and the metal element Me according to the thick-
ness of the coating layer. In more detail, the coating layer 1s
formed on the metal matrix such that the carbon element C
becomes gradually concentrated with increasing distance
from the metal matrix 1 the coating layer to form a C-en-
riched or C-rich region, and the metal element Me becomes
gradually concentrated with decreasing distance from the
metal matrix 1n the coating layer to form a Me-enriched or
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Me-rich region. For this purpose, as shown in FIG. 3, the
coating amount of the carbon element C 1s gradually
increased and the coating amount of the metal element Me 1s
gradually decreased, as the coating proceeds. Specifically, the
metal element 1s mainly used at an 1nitial coating stage and 1s
then gradually reduced in coating amount. Accordingly, the
carbon element 1s gradually increased 1n amount and 1s then
mainly used at a final coating stage.

As described above, the C-enriched region formed at a first
half stage 1n the coating layer and having a higher concentra-
tion of the carbon element than the metal element may have a
thickness of 0.01~5.0 um, and the Me-enriched region
formed at a second half stage in the coating layer and having
a higher concentration of the metal element than the carbon
clement may have a thickness of 0.01~5.0 um.

FIG. 4 1s a flowchart of a method of manufacturing a metal
separator for fuel cells according to another embodiment of
the 1invention, 1n which the metal separator for fuel cells as
shown 1n FIG. 2 1s manufactured.

Referring to FI1G. 4, the method of manufacturing the metal
separator according to this embodiment include cleaning a
surface of a metal matrix 1n S402, dry etching the surface of
the metal matrix 1n S404, forming a metal layer 1n S410, and
forming a carbon layer in S420.

In this embodiment, the operation of cleaning the surface
of the metal matrix 1n S402 and the operation of dry etching
the surface of the metal matrix 1n S404 are the same as those
of the embodiment shown in FIG. 3, and thus detailed
descriptions thereof will be omaitted herein.

Although the operation of cleaning the surface of the metal
matrix i S402 and the operation of dry etching 1n S404 are
not necessary, these operations are preferably performed to
enhance adhesion of the coating layer formed on the metal
matrix

In the embodiment shown 1n FIG. 3, a single coating layer
1s formed using the metal element and the carbon element. In
the embodiment shown 1n FIG. 4, however, the metal layer
and the carbon layer are formed as separate coating layers.

In operation S410 of forming the metal layer, a metal
clement Me 1s coated on the metal matrix to form the metal
layer as a butfer layer. The metal layer formed 1n this opera-
tion S410 serves to enhance adhesion of the coating layer
while relieving stress applied to the metal matrix during for-
mation of the carbon layer.

In operation S420 of forming the carbon layer, the carbon
layer 1s formed on the metal layer. Here, the carbon layer may
be an amorphous carbon layer or a metal-doped carbon layer.

The metal element used 1n operation S420 of forming the
metal layer or used for metal doping 1n operation S420 of
forming the carbon layer may be one selected from, for
example, zirconium (Zr), copper (Cu), gold (Au), silver (Ag),
molybdenum (Mo), tungsten (W), chromium (Cr), titantum
(T1), scandium (Sc), vanadium (V), manganese (Mn), iron
(Fe), cobalt (Co), nickel (N1), and aluminum (Al), which
exhibit excellent electrical conductivity. These metal ele-
ments may be used alone or in a combination thereof.

According to the embodiments, the metal separator for tuel
cells has an amorphous carbon layer and the like formed
therein, thereby improving corrosion resistance, electrical
conductivity, and durability.

According to the embodiments, the metal separator for fuel
cells permits a highly dense amorphous carbon layer to be
formed at low process cost, thereby enabling overall reduc-
tion in the thickness and manufacturing costs of the metal
separator.

According to the embodiments, in the method of manufac-
turing the metal separator for fuel cells, foreign matter 1s
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removed from the surface of the metal matrix through chemi-
cal cleaning, commercial degreasing, dry etching or the like,
so that adhesion between the metal matrix and the coating
layer 1s enhanced during formation of the coating layer with-

8

Measurement ol contact resistance was performed by
application of DC 35 A and AC 0.5 A to a measurement target
in a constant current mode at a frequency 1n the range of 10
kHz to 10 mHz. The carbon paper was 10BB available from

out undesirable exposure to an oxidizing atmosphere. 5 QGIL. Inc.
EXAMPI E In the contact resistance tester 50, a sample 500 was dis-
posed between two pieces of carbon paper 520 and copper
Next, the present invention will be described with refer- plates 510 connected to both a current supplier 530 and a
ence to some examples. It should be understood that these 1o Voltage tester 540.
f?xamples are given !33’ way llustration only E}ﬂd Sh‘?UId_HOt be After positioning the sample 500, voltage was measured by
interpreted as restricting the scope of the mvention 1n any applying DC 5 A/AC 0.5 A to the sample 500 using a current
SENse. ' ‘ ‘ supplier 530 (available from Zahner Inc., Model IM6).
Descriptions of details apparent to those skilled in the art
will be omitted herein for clarity s Then, the sample 500, carbon paper 520, and copper plates
1. Manufacture of Metal Separator for Fuel Cell 510 were compressed to form a stacked structure from both
Stainless steel (316L, thickness: 0.1 mm) was used as a copper plates 510 of the contact resistance tester 50 using a
separator-shaped metal matrix and metal separators for fuel pressure regul:.:?ltor (M‘?‘d‘ffl NO- 5560, 3’}"’3113]31‘3 from Instron
cells according to Examples 1 to 10 and Comparative Inc., compression maintaining tes‘;t). Using the pressure regu-
Examples 1 to 10 were prepared according to conditions lator, a pressure of 50~150 N/em~ was applied to the contact
listed 1n Table 1. resistance tester 50.
TABLE 1
Metal Carbon Corrosion Contact
Dry  layer layer Adhesion rate resistance
Sample No. Cleaning etching (um)  (um) (N) (LA/em?) (M - cm?)
Example 1 O O 0.02 0.02 30 0.2 18.6
Example 2 O O 0.02 0.1 30 3.3 16.4
Example 3 O O 0.05 2 30 1.2 15.2
Example 4 O O 0.11 4 30 0.8 16.7
Example 5 O O 0.21 4.7 30 0.6 17.3
Example 6 O O 0.5 3 30 0.7 14
Example 7 O O 2.3 0.5 30 1.7 15.3
Example 8 O O 3.1 0.2 30 2.3 21.3
Example 9 O O 4.8 0.01 30 4.3 19.6
Example 10 O O 4.9 0.01 30 4.1 22
Comparative X X X 0.6 X Non- Non-
Example 1 (delamination) measurable measurable
Comparative X X 0.6 X X Non- Non-
Example 2 (delamination) measurable measurable
Comparative O O 0.6 0.008 15 10 40
Example 3
Comparative O O 0.6 6.3 X Non- Non-
Example 4 (delamination) measurable measurable
Comparative O O 0.007 0.3 10 16 28
Example 5
Comparative O O 0.5 0.007 12 12 24
Example 6
Comparative O O 5.9 0.009 16 30 35
Example 7
Comparative O O 5.9 0.009 14 27 33
Example &8
Comparative O O 5.9 6.3 X Non- Non-
Example 9 (delamination) measurable measurable
Comparative O O 5.9 R.7 X Non- Non-
Example 10 (delamination) measurable measurable
X: Evaluation of adhesion performed up to 30N
2. Property Evaluation Finally, the contactresistances of samples 500 of Examples
(1) Measurement of Contact Resistance 1 to 10 and Comparative Examples 1 to 10 were measured
FIG. § 1s a sectional view of a contact resistance tester for using the contact resistance tester 50 installed as described
measuring contact resistance of a stainless steel separator above.
according to one embodiment of the invention. (2) Measurement of Corrosion Current Density
Referring to FIG. 5, 1 order to obtain optimized param- 43 A corrosion current density of each of the metal separators
cters for cell assembly through measurement of contact resis- of Examples 1 to 10 and Comparative Examples 1 to 10 was
tance of ametal separator 500 for fuel cells, amodified Davies measured using EG&G Model No. 273A as a corrosion cur-
method was used to measure contact resistance between the rent tester. Tests for corrosion durability were performed 1n a
metal separator and two pieces of carbon paper. simulated environment of a polymer electrolyte fuel cell
The contact resistance was measured based on the prin- 65 (PEFC).

ciple of measuring four-wire current-voltage via a contact
resistance tester available from Zahner Inc., Model IM6D.

After being etched at 80 with 0.1N H,SO,+5 ppm HF as an
ctching solution, the metal separator sample was subjected to
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N, bubbling for 1 hour and the corrosion current density
thereof was measured at an open circuit potential (OCP) of
-0.25V~1.2 V vs. SCE.

Other physical properties were measured at —0.24V vs.
SCE for a PEFC anode environment and at 0.6V vs. SCE for

a PEFC cathode (saturated calomel electrode, SCE) environ-
ment.

Here, the measured properties were evaluated based on
corrosion current data measured at 0.6V vs. SCE 1n a simu-
lated cathode environment of a fuel cell.

The anode environment 1s an environment 1n which hydro-
gen 1s split into hydrogen 1ons and electrons while passing
through a membrane electrode assembly (MEA), and the
cathode environment 1s an environment in which oxygen
combines with the hydrogen 1ons to produce water after pass-
ing through the MEA.

Since the cathode environment has a high potential and 1s a
very corrosive environment, corrosion resistance 1s prefer-
ably tested in the cathode environment.

3. Evaluation Result

Referring to Table 1, 1t can be seen that Examples 1 to 10
have a corrosion current density in the range of 0.6~6.2
uA/cm® and a contact resistance in the range of 14~22
mQ-cm”.

On the other hand, Comparative Examples 1 to 10 have a
corrosion current density in the range of 10~30 nA/cm® and a
contact resistance in the range of 24~40 mQ-cm”.

This result means that the examples subjected to cleaning,
and dry etching and including all of the metal layer and the
coating layer exhibit excellent electrical conductivity, corro-
s10n resistance, and durability.

On the other hand, 11 one of the carbon layer and the metal
layer was not formed or had a thickness of less than 0.01 um

or greater than 5.0 um, corrosion current density and contact
resistance couldn’t be measured due to delamination of a thin
f1lm due to residual stress.

Although some embodiments have been described herein,
it should be understood that these embodiments are given by
way of 1illustration only and do not limit the scope of the
invention, and that various modifications, changes and addi-
tions can be made by a person having ordinary knowledge in
the art without departing from the scope and spirit of the
invention and should be construed as being included 1n the
scope of the claims and equivalents thereof.

What 1s claimed 1s:

1. A metal separator for fuel cells comprising:

a separator-shaped metal matrix and

a coating layer formed on the metal matrix,

the coating layer having a concentration gradient of a car-

bon element C and a metal element Me according to a
thickness thereol such that the carbon element C
becomes gradually concentrated in the coating layer
with increasing distance from the metal matrix and the
metal element Me becomes gradually concentrated 1n
the coating layer with decreasing distance from the
metal matrix

wherein a region having a higher concentration of the car-

bon element than that of the metal element 1n the coating
layer has a thickness of 0.01~3.0 um, and a region hav-
ing a higher concentration of the metal element than that
of the carbon element in the coating layer has a thickness
01 0.01~5.0 um.

2. The metal separator according to claim 1, wherein the
metal element Me 1s at least one selected from zirconium (Zr),
copper (Cu), gold (Au), silver (Ag), molybdenum (Mo), tung-
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sten (W), chromium (Cr), titanium (11), scandium (Sc), vana-
dium (V), manganese (Mn), iron (Fe), cobalt (Co), nickel
(N1), and aluminum (Al).

3. The metal separator according to claim 1, wherein the
metal matrix comprises at least one selected from stainless
steel, aluminum, titanium, nickel, and alloys thereof.

4. A metal separator for fuel cells comprising:

a separator-shaped metal matrix and

a coating layer formed on the metal matrix,

the coating layer comprising a metal layer composed of a

metal element Me and formed on the metal matrix, and
a carbon layer composed of a carbon element C and
formed on the metal layer,

wherein the carbon layer has a thickness of 0.01~5.0 um

and the metal layer has a thickness of 0.01~5.0 um.

5. The metal separator according to claim 4, wherein the
carbon layer 1s an amorphous carbon layer or a metal-doped
carbon layer.

6. The metal separator according to claim 3, wherein the
metal of the metal-doped carbon layer 1s at least one selected
from zircontum (Zr), copper (Cu), gold (Au), silver (Ag),
molybdenum (Mo), tungsten (W), chromium (Cr), titanium
(T1), scandium (Sc), vanadium (V), manganese (Mn), iron
(Fe), cobalt (Co), nickel (N1), and aluminum (Al).

7. A method of manufacturing a metal separator for fuel
cells, comprising:

forming a coating layer on a separator-shaped metal matrix

to have a concentration gradient of a carbon element C
and a metal element Me according to a thickness thereof
by gradually increasing a coating amount of the carbon
clement C and gradually decreasing a coating amount of
the metal element, as coating proceeds,

such that the carbon element C becomes gradually concen-

trated 1n the coating layer with increasing distance from
the metal matrix, and the metal element Me becomes
gradually concentrated in the coating layer with decreas-
ing distance from the metal matrix, wherein the coating
amounts of the carbon element C and the metal element
Me are adjusted such that a region having a higher con-
centration of the carbon element than that of the metal
clement 1n the coating layer has a thickness of 0.01~3.0
um and a region having a higher concentration of the
metal element than that of the carbon element in the
coating layer has a thickness of 0.01~5 0 um.

8. The method according to claim 7, further comprising:
cleaning a surface of the metal matrix before forming the
coating layer.

9. The method according to claim 7, further comprising:
ctching a surface of the metal matrix before forming the
coating layer.

10. The method according to claim 9, wherein the etching
1s performed by dry etching, the dry etching being 10n-gun
ctching performed using argon gas, during which an electric
current of 0.15~0.25 A and a voltage o1 800~600V are applied
to an 1on gun.

11. A method of manufacturing a metal separator for fuel
cells, comprising: forming a coating layer comprising a metal
layer and a carbon layer on a separator-shaped metal matrix,
the metal layer being formed by coating a metal element Me
on the metal matrix, the carbon layer being formed on the
metal layer, wherein the carbon layer has a thickness of
0.01~3.0 um and the metal layer has a thickness of 0.01~3.0
LLIT.
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